Planets less massive than about 10 M Earth are expected to have no massive H-He atmosphere and a cometary composition (~ 50% rocks, 50% water, by mass) provided they formed beyond the snowline of protoplanetary disks. Due to inward migration, such planets could be found at any distance between their formation site and the star. If migration stops within the habitable zone, this will produce a new kind of planets, called Ocean-Planets. Ocean-planets typically consist in a silicate core, surrounded by a thick ice mantle, itself covered by a 100 km -deep ocean. The existence of ocean-planets raises important astrobiological questions: Can life originate on such body, in the absence of continent and ocean-silicate interfaces? What would be the nature of the atmosphere and the geochemical cycles ?
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Origins of Ocean-Planets
Ocean-Planets (OPs) are planets of a new kind recently proposed by Léger et al. ( , 2004 and Kuchner (2003) . These planets have no equivalent in the Solar System. They would form in protoplanetary disks beyond the snow line, would not reach the critical mass for rapid gas accretion (Pollack et al., 1996) , and would then migrate to the inner part of the planetary system through type-I migration . Léger et al. ( , 2004 consider OPs that have migrated into the Habitable Zone (HZ) of their star, but a whole distribution of orbital distances could be expected for these speculative planets.
An important feature that results from the way OPs form is their special composition. The main species that are expected to condense beyond the snow line are silicates and water, in roughly equal amounts by mass. This makes OPs clearly different from the planets formed in the terrestrial planet region, i.e. by accretion of planetesimals from distances less than 3 AU for a solar type star. Raymond et al. (2006b Raymond et al. ( , 2006c ) simulated this formation mechanism and found a variable content of water that depends on the number of water-rich bodies (coming from outer regions similar to the carbonaceous asteroid belt in the Solar System) captured during the accumulation process. However, the maximum water content they found was w = 5% by mass, an order of magnitude lower than that of an OP, w 50%.
OPs are not just water-rich terrestrial planets; they are completely different objects, reflecting the place where they were born. By simulating planetary formation after the migration of a Giant Planet to a close-in orbit, Raymond et al (2006a) predicted that the mixing of material from the inner and outer regions can produce planets in the Habitable Zone consisting of up to ~30% water. This might be another way to form OPs.
Thanks to remarkable progress, radial velocity measurements are now unveiling a population of planets less massive than 20 M Earth that are found in the Habitable Zone of their star, and at even closer orbital distances. This is well illustrated by the triple system HD69830 . Models reproducing this system invoke the formation of an icy-rocky core beyond the snow line, followed by inward migration (Alibert et al., 2006; Terquem and Papaloizou, 2006) . Because of their higher mass, these Hot-Neptune planets differ from OPs by the H-He envelope of several M Earth that they accrete. These current detections imply that a significant fraction of stars host such planets and, by extrapolation, that OPs could also be a common type of planet.
Nature of a planet with M pl < 10 M Earth
According to a widely accepted scenario, planetary formation proceeds in a number of steps (e.g. Lissauer 1993 , Ida and Lin 2004a , 2004b Lunine 2006b, 2006c) . First, refractory materials -silicates or silicates and ices according to their locations with respect to the snow line -agglomerate to form a large number of kilometer-size planetesimals. Then, their gravitationally induced collisions form planetary cores. If the masses of these cores reach a critical mass when the gas is still present in the disc, they accrete this gas in a rapid phase (phase 3 in Pollack et al., 1996) and form gaseous giants.
Following Pollack et al. (1996) we consider that the critical mass is > 10 M Earth it stops closer to the star. In the present paper, we study this second case, along with the capability to detect and characterize some of them by the CNES led CoRoT (Convection Rotation and Transit) mission and the NASA Kepler mission.
Recent works have pointed out that the critical core mass for the buildup of a massive H 2 -He envelope may vary significantly with the mass and properties of the gaseous disk, its dissipation history, and the efficiency of type-I migration. For instance, Alibert et al. (2006) and Rafikov (2006) show that particular sets of these parameters can lead to the buildup of a massive H 2 -He atmosphere (>1 M Earth ) on solid cores of only 6-10 M Earth . Although the present study assumes that no H 2 -He atmosphere has been accreted (or that it has been lost in an early phase), we will discuss in Sect.4 the implications of these recent developments. 2006) . Their transit search programs will determine the radii of discovered planets. The Doppler follow-up, whenever possible, will determine their masses. For each detected planet, these observations will determine a point and its box error in the (M pl , R pl ) plane.
CoRoT and
Models of their internal structure predict R pl (M pl ) curves in that plane, which vary with the planetary composition (Fig.1) . Assuming that the models are correct, the relative positions of the error box and the curves will lead, or not, to the characterization of the nature of the planet. Thanks to this approach we can already distinguish amongst the known transiting exoplanets a core-dominated planet (HD 149026 b; Sato et al., 2005) from other planets where the mass is dominated by their gaseous envelope (for instance TrEs-1; Alonso et al., 2004) . In return, the observations have put serious constraints on the models and the structure of hot Jupiters, or pegasides. For instance, the large radius of HD209458b is not yet well explained.
The non-gaseous planets, that CoRoT and Kepler will hopefully find, will have an unknown composition. As silicate rocks and water ices are expected to be the most abundant materials, the first-order characterization of their composition depends mainly on a single number: the ratio of water to rock content. Internal structure models of non-gaseous planets provide different radii, for a given mass, as a function of this water ratio. For a 6-Earth-mass planet, Léger et al (2003, 2004) OPs are presently speculative objects; however, CoRoT and Kepler may have the possibility of confirming, or not, their existence, provided that they are abundant and that measurements are sufficiently accurate. In Sect.3 we discuss the capability of these missions to identify the composition of such planets.
Planet orbital periods accessible to CoRoT and Kepler
CoRoT was initiated as a CNES "small mission". It will be located in a low-altitude Earth orbit (~ 900 km). As it must not point too far from the anti-solar direction, it can observe a given stellar field continuously only during 5 months (150 days). It is considered that the detection of a planetary candidate by the transit method requires the observation of 3 transits or more. Thus, only planets with period P < 75 days can be detected (Fig. 2) . For a solar-type star, this corresponds to a distance to its star, a, less than 0.35 AU (circular orbit) and a blackbody temperature (albedo = 0, no greenhouse effect) T bb > 460 K.
Planets with P < 75 days can be habitable if their host-star is less massive than a K5 star (M~0.7M Sun ). However, these low-mass stars represent only 1.5% of the stars accessible with CoRoT. With less than 200 of them in its field, CoRoT is unlikely to detect the transit of a habitable planet.
Statistically, the probability that a given planet is detected as a ≥ 3 transit object during a 150 days observation is a rapidly decreasing function of its orbital period (Fig. 2) . If planets were uniformly distributed in distances around their stars, and if CoRoT had the sensitivity to detect all of them, the histogram of detections would be proportional to this probability, stressing the strong bias towards short periods. In addition, the larger the number of transits the larger the detection S/N for small-size planets. As a consequence, it is important to address the fate of OPs when they are close to their stars. In the next section, we estimate the minimum planet-star distance beyond which an OP is likely to keep most of its water reservoir.
Structure and fate of a short period Ocean-Planet
OPs are defined as planets that form farther away than the snow line and migrate inwards.
The closer the planet is to its star, the hotter. It has an ocean until the distance becomes small enough so that the gas/liquid interface vanishes. Assuming that water is the main constituent of the atmosphere, this happens when there is no more phase transition between the vapor phase and the liquid one, i.e. when the temperature distribution within the planet T(P) runs above the critical point of water (T c = 647 K, P c = 22 MPa ~ 220 bars)
as illustrated in Fig.3 (a) . When an ocean is present, the T(P) curve crosses the gas-liquid transition line, which determines the ocean surface location (Fig.3 (b) ). In the absence of liquid-gas interface, the whole fluid layer can be called envelope as in giant planets, and the term atmosphere is rather appropriate to the high altitude low P regions, whereas the term of ocean is appropriate to the high pressure regions. The whole water envelope is supercritical. These hot planets could be named " Planets with supercritical water envelope " or "Sauna-Planets"… For the sake of simplicity, we shall keep the name of OPs.
The possibility that transit missions detect and characterize some OPs depends on their existence/abundance and the missions' capabilities to detect small planets, say with R pl ~ 2 R Earth , at small distances from their stars, as discussed in Sect. 3. In the present section, we discuss whether the R pl (M pl ) relation established by Sotin et al. (2006, Fig .1 et al., 2003, 2004) . But the subcritical atmosphere above P =220 bar expands quasi-linearly with its temperature and might thus result in a swelling. Indeed, the pressure in the atmosphere depends upon the altitude, z, as
where H is the atmospheric height scale, P o the critical pressure at the lower boundary, k the Boltzmann constant, µ the mean molecular weight, g the local gravity, and C is the compressibility factor, which depends on the pressure and temperature. C = 1 for a perfect gas and C < 1 for a dense gas. 
where σ Rayl is the Rayleigh cross section of the gas molecules (here water) . Requiring that τ = 1 at 0.6 µm, a central wavelength of the photometric measurements, implies a value for P and then z. Normalizing to a reference case, using σ Rayl (H 2 O, 0.6 µm) = 2.32 10 -27 cm 2 , one reads: In the following estimates of the swelling of a hot OP, we consider that the planetary radius determined by a transit observation corresponds to P ∼ 0.4 bar, and we determine the height of the atmospheric layer bounded by the 0.4 and 220 bar levels.
At the orbital distance of a hot jupiter (0.05 AU), the effective temperature of an OP would typically be around 1200 K. In this case, the atmospheric temperature increases from about 1000 K (Teff/2 1/4
: the skin temperature in the grey atmosphere approximation) in the upper and optically-thin layers, to 2000-2500 K at the 220 bar level (values extrapolated from
Kasting's models of runaway greenhouse atmospheres, 1988). Therefore, by estimating the height of a 1000 and 2500 K isothermal atmosphere at hydrostatic equilibrium, we can bracket the height of the opaque layer. For a 6 M Earth planet and these two atmospheric temperatures, the 0.4 bar level is reached, respectively, at 260 and 700 km above the 220 bar level. These estimates take into account the non-ideal properties of the high pressure water vapor (NIST steam tables for the compressibility factor), but one can note that using the perfect gas approximation yields similar values (210 and 700 km). At 0.05 AU, a moderate atmospheric swelling of 2 -5.5% is thus expected, corresponding to 260 -700 km compared to the 12800 km radius given by R pl (M pl = 6M Earth ). For smaller planets and planets still closer to their stars, the swelling can be somewhat larger, for 1 M Earth , at 0.05 AU, the swelling can reach 7.5%.
Rocky planets could also experience such a swelling of their atmosphere, in principle making them difficult to distinguish from OPs. However, at the orbital distances where the swelling could be significant, silicate-dominated planets would lose rapidly their volatile contents through thermal and non-thermal atmospheric loss processes, while OPs have an almost inexhaustible reservoir of water (see below).
Hence, when an OP is close to its star, it may undergo some swelling that would help to discriminate it from a rocky planet. However, as the anticipated swelling is modest, we will assume conservatively that, if it survives, an OP will have a radius similar to what it would have if it were located within the HZ.
During the planet formation process, some hydrogen may be accreted, and water is likely to be in contact with reducing Fe ++ ions, possibly even metallic iron; hence, one can expect a chemical reaction with a hydrogen output. The presence of H 2 would imply a larger swelling of the planet. However, the atmospheric erosion processes that are considered in the next sections are much more efficient for hydrogen than for the other gases and will rapidly take hydrogen away from the atmosphere, especially at the orbital distances relevant for Corot.
Thereafter, we consider that OP's atmospheres are mainly free of hydrogen, but the actual hydrogen content of OPs merits further investigations.
Evaporation of short period Ocean Planets.
Ocean-Planets close to their stars may lose their water to space and become rocky planets.
The aim of the present section is to estimate how close to their stars we can expect OPs to keep their water and possibly be identified by CoRoT and Kepler. The precise modeling of the erosion of an OP is complex, and the corresponding work is still to be done. We can, however, estimate the upper limit on atmospheric losses based on maximum energy deposition in the upper atmosphere. Using energy-limited escape, which is likely to be significantly larger than actual loss rates, we can determine the minimum period (or orbital distance) at which most of the water reservoir should survive during a given time, for instance 5 Gyrs. Determining this minimum orbital distance is important in the context of CoRot searches that will focus on close-in planets. Note, however, that planets found at shorter periods could still have kept most of their water, depending on whether actual losses are limited by mechanisms other than energy deposition.
The main processes for atmospheric escape that can lead eventually to the exhaust of the planetary water reservoir are: (1) thermal escape driven by exosphere heating by X-rays and Extreme UV (or XUV: 0.1-100 nm) , (2) non-thermal escape driven by the action of particles from the star.
Water erosion by thermal escape
The heating of the upper atmosphere by XUV photons can result in the escape of gases to space. Escape affects mainly light species like H and He, but heavier species like O can also be carried away by the hydrodynamic flow when it is high enough (Chassefière, 1996) :
such an effect has been observed in the case of the hot Jupiter HD209458b (at 0.05 AU from its star) for which not only H, but also C and O, have been detected in the escaping upper atmosphere (Vidal-Madjar et al., 2003 & 2004 . An upper limit to the mass loss is given by the energy-limited escape rate , which would be reached if all the energy absorbed at λ < 100 nm would be converted into gravitational energy, as expressed in the following equation
The left term is the fraction of the XUV flux that is intercepted by the planet and available for driving the thermal escape, and the right term is the variation of gravitational energy induced by the mass-loss of water. F XUV is the XUV energy flux ] received at 1 AU, M, R and a are the mass, radius and orbital distance of the planet. Thus, the mass of water lost over a time t is
The term ε corresponds to the efficiency of the conversion of incident XUV energy into effective escape of gas, and contains all the physical complexity of the escape process. We can consider ε as the product of a heating efficiency ε h , which gives the fraction of the incident energy that is not re-radiated to space, and an escape efficiency ε esc , which is the fraction of the deposited energy that is eventually lost through escaping gas. The heating efficiency, ε h , is typically lower than 0.2, especially at high XUV irradiation. Yelle (2004) used a detailed photochemical model and found a value of ~0.1 for HD209458b. Here, we use a value of 0.2 in order to obtain an upper limit on the loss rate.
In the preceding relations, R pl is sometimes replaced by the radius at which the XUV radiation is absorbed R XUV (e.g. Lammer et al., 2003) . This comes from Watson et al. overestimation is the XUV self-shielding: some XUV photons that are absorbed within the escaping outflow contribute to heating the outflow but not to enhancing the loss rate. When the XUV deposition is just high enough to drive hydrodynamic escape, the escaping outflow is not dense enough to absorb a significant fraction of the incoming XUV energy, which is mostly deposited deeper where part of it is eventually converted into gravitational energy. In this phase, the escape rate increases nearly linearly with the XUV flux, but with increasing irradiation, escape reaches a point at which the column density of escaping atoms can no longer be considered transparent to XUV: the outflow becomes hotter but the efficiency ε esc decreases.
The escape efficiency was estimated by by modeling the hydrodynamic flow. For HD209458b they found an escape efficiency of about 0.5 at 0.045 AU from the present Sun (conditions assumed for HD209458b) that decreases rapidly for increasing XUV fluxes (ε esc = 0.15 if the XUV flux is multiplied by 2). Therefore, the total efficiency ε = ε h ε esc varies from 0.02 to 0.1 in the range of orbital distances that are observable by CoRoT. 
Water erosion by the stellar wind and Coronal Mass Ejections
Now, the question is whether the erosion by the stellar wind can significantly change the lower limit of the water reservoir lifetime. This process is efficient when the upper atmosphere of a planet is not protected by an intrinsic magnetic field, which is strong enough to deflect the stellar plasma flow at large distances above the exobase.
OPs close by their stars are expected to have their spin rotation tidally locked on their orbital rotation. From simple theoretical models, several analytical scaling laws were derived which allow one to estimate the planetary magnetic dipole moment from the planetary characteristics (e.g. density, rotation rate, size of the dynamo region). These models are summarized and compared in Grießmeier et al. (2004 Grießmeier et al. ( , 2005 . According to these models, the expected magnetic moments of slowly rotating exoplanets, e.g. tidally locked planets, are smaller than that of fast rotating planet like the Earth. By applying these scaling relations to an OP of 6.0 Earth masses and 2.0 Earth radii (Léger et al., 2004) , which is tidally locked at 0.2 AU around a star with 0.2 solar masses, we obtain a maximum intrinsic magnetic moment of 0.7 times that of the present Earth. Because of the relatively weak magnetic moment (considering the large planetary radius), the planetary magnetosphere may not be efficient at protecting the planetary atmosphere.
In such a Venus-like interaction (e.g., Terada et al., 2002 ) the planetary neutral gas in the upper atmosphere can be ionized by electron impact, X-rays and Extreme UV radiations.
After charge exchange during collisions with the incident stellar plasma, it is picked up by this stellar plasma flow and escapes from the planet.
As the migration of an OP from its formation region beyond the snowline to its final location occurs within the (short) lifetime of the protoplanetary disk, non-thermal loss studies must consider the erosion of the upper atmosphere over the whole history of the system.
Stellar wind
As an upper limit to the erosion due to the stellar wind, we calculated the flux of protons intercepted by the planet in the absence of magnetic deflection and the corresponding deposition of kinetic energy into the upper atmosphere. By analogy with the energy-limited thermal loss rate described in the Sect.2.2.1, we can infer an energy-limited escape induced by the stellar wind protons. The main difficulty with this approach is the poorly known evolution of the stellar wind. Using indirect observations, Wood et al. (2002 Wood et al. ( , 2005 showed that the mass loss of Sun-like stars is correlated with their X-ray luminosity for ages above 0.7 Gyr. Younger stars do not seem to exhibit a higher mass loss. In order to make an upper estimate of the possible losses, we used constant wind properties corresponding the highest mass loss measured by Wood et al. (2005) . This is obviously a weak assumption, but it allows us to overestimate the energy deposition. An improvement of this assumption would require more data on stellar winds, especially on those of young stars.
Dashed lines on Fig. 4 show the result we find for the minimum lifetime of the water reservoir. At that distance, a ≥ 0.04 AU, a 5 Earth-mass OP keeps its water for more than 5
Gyrs.
This is an upper limit for the non-thermal loss through mean-stellar-wind protons, but the effect of coronal mass ejections (CMEs) from the star has also to be addressed.
Coronal Mass Ejections
By using the parameters estimated by Khodachenko et al. (2006) They found that for strong CMEs and for the estimated minimum planetary magnetic moment, the situation would result in a Venus-like plasma interaction (e.g., Terada et al., 2002) . Putting in the typical numbers for the CME proton density and the average wind speed mentioned above, we find that, during the critical first 0.5 Gyr for an OP at 0.05 AU, the water losses could be up to ≤ 200 Earth oceans (by mass), which is significantly less than the losses by stellar winds and can be neglected.
One should note that these estimates are also upper limits because the more massive OP considered in our study has a higher gravity than the Earth-mass planets studied by the preceding authors, which will hold back the thermosphere-exosphere environment expansion, resulting in lower loss rates. Furthermore, the evaporating hydrogen will form a corona around the planet that also decreases the non-thermal loss of oxygen and other heavy species by protecting them. This conclusion is very similar to the results obtained by Kuchner (2003) , who already studied the survival of the volatile content of short period OPs : on Fig. 4 A second point raised by Kuchner is that the atmospheric loss can induce an expansion of the whole gaseous envelope. Because of positive feedback on the loss rate, this effect could lead to a runaway escape and to the loss of the whole volatile reservoir within a much
shorter timescale than what is found here by assuming no coupling between the hydrostatic structure and the mass loss. This runaway loss was studied for gas giants by Baraffe et al. (2004) and was shown to occur when the timescale of the loss m/(dm/dt) becomes shorter than the thermal (Kelvin-Helmholtz) timescale required for thermal readjustment of the envelope to a modification of its mass. This condition can be written:
Here, m is the mass of the water envelope and L is the planet luminosity, which can be written as 4πR pl 2 σT eff by assuming a mean brightness temperature T eff , or 2πR pl 2 σT eff if there is no redistribution of the incoming energy between the day and night hemispheres. The runaway condition can be written
where ε is the conversion efficiency. For the closest orbital distances we considered, this condition for the runaway implies T eff <240 K. At these short orbital distances, realistic effective temperatures cannot drop below 500 K, and we can assume that thermal readjustment are instantaneous compared to the loss timescale, which is compatible with our quasi-static/hydrostatic approach. We should however stress again the central influence of the efficiency ε. Higher efficiencies than the one obtained by could trigger a runaway loss and the loss of the whole water reservoir within short timescales, as described in Baraffe et al (2004) .
Could R pl and M pl measurements be accurate enough to discriminate Ocean-

Planets from rocky planets?
In order to know whether an exoplanet is an Ocean-Planet or a rocky one, its mass and radius must be measured with high enough accuracy so that the position of the error box in the (M pl , R pl ) plane allows a distinction between the predictions for those two types of planets, assuming that the model is adequate (Fig.1) . For small masses and radii (M pl < 10 M Earth , R pl ∼ 2 R Earth ), this is a not a trivial task. Hereafter, we estimate the different uncertainties that define the error boxes.
What are the different sources of uncertainty?
Around a given (M pl , R pl ) point, the physical quantity that the planetary models predict to be different is the mean density. This density, <ρ> = (3/ (4π) The uncertainties on the mass, the stellar radius estimate and flux measurements being independent, their variances add in quadrature. We estimate the uncertainty on the 1/3 rd power of the density, because this quantity has a relative uncertainty that is smaller than that on the density, which is more appropriate for linear expansions (Protanov, 2002) .
Considering the case M pl = 6 M Earth that corresponds to a big telluric planet but that is still far from the limit where the hydrogen gas is likely to have been accreted, the internal structure /ρ 1/3 would result in a 95% confidence discrimination between the two kinds of planets. Therefore, we consider that the standard deviation should satisfy:
Next, the different contributions in relation (1) are estimated.
Uncertainty on the planetary mass
The semi-amplitude of the radial velocity wobble due to the presence of a planet around a solar type star is
The corresponding uncertainty in the mass is 
The uncertainty in the stellar masses of the targets stars that are considered (m v < 13) can be estimated from that in the stellar radius, σ Rst /R st ∼ 5% (Sect. 3.3), and M(R) empirical relation (Cox, 2000) : log(R) = 0.92 log(M) + const. The result is an ambiguity of ~ 6%. This is a conservative value because, in practice, the mass is deduced from observable quantities using atmospheric models, whereas to obtain the radius an additional operation is needed that implies stellar evolution modeling. This result is in agreement with Charbonneau et al (2006) , who estimate that the uncertainty on the stellar mass can be as high as 5%. Anyhow, this term has a negligible contribution to the planetary mass uncertainty because it leads to σ Mst / 2 M st ≤ 3%, whereas σ K / K ∼ 20% (see below), and the
One of the very best Doppler instruments presently available is the HARPS spectrometer at the ESO-La Silla 3.6 m telescope. For faint stars (m v > 10), its uncertainty is close to the fundamental shot noise limit. It will be the most accurate instrument for the follow-up of From σ V and the number of observations, the error σ K on K can be computed as follows. In case of a circular orbit, the radial velocity reads ! "
where the orbital period T and the phase ϕ are known, thanks to transit photometry. Therefore, only two parameters, the systemic velocity v 0 and the semi-amplitude K, should be determined from measured velocities. Least-squares fitting would be the standard procedure for that purpose. 
We assume that for an important project, a maximum integration time can be about 80
hours, corresponding to a cumulative time of about 10 nights. In order to explicitly estimate the dependence of σ V upon the different parameters (m v , t, Φ tel ), we compute (σ V ) 0 for a given set of parameters and for a reference case, and we express σ V as a function of it and the parameters. In the shot noise-limited regime, the uncertainty on the radial velocity reads
where Φ tel is the telescope diameter, t the cumulative integration time, and the index " 0 "
corresponds to the reference case.
The reference case that we consider is: M pl,o = 6 M Earth , a 0 = 0.10 AU, M st = M Sun .
Relation (3) (3), (5) and (6), the uncertainty on the planetary mass (relation (4) 
with
Uncertainty on the stellar radius
The stellar radius of CoRoT targets will be estimated by in-depth follow-up observations of the parent star, including high-resolution high-SNR spectroscopy. A first idea is, however, obtained from calibrated relationships of color indices with stellar angular diameters (Kervella et al 2004) . Apparent magnitudes in the V and K filters are measured with a precision of typically 0.03 magnitudes in the CoRoT/exoplanet stellar catalogue. A preliminary spectral classification is then derived from broadband spectrophotometry in the visible and near-infrared, with an estimation of the reddening . Highresolution spectroscopy will then allow a more accurate estimation of the effective temperature, with error bars of typically 50 to 100K (2-3% of the temperature). This will further constrain the reddening, at the level of typically an additional 0.05 magnitude uncertainty, which includes the error on distance estimation. The final error on the linear radius of the CoRoT targets is then obtained by combining an error on the angular diameter (deriving equation (22) in Kervella et al (2004) ) with an error on the distance (from spectral type, reddening, absolute luminosity). We conclude that the standard deviation on R st is estimated as
for stars brighter than m v ~ 13. This implies a very careful photometric and spectroscopic analysis of the target, as interstellar extinction will be present in the line of sight of CoRoT targets.
Uncertainty on the amplitude of the transit
The amplitude of the relative flux variation during a transit, ΔF/F, is (R pl /R st ) 2 , or:
For CoRoT, the uncertainty on the transit depth measurement is expected to be 1. ΔF is obtained by measuring the depth of the transit in the stellar light curve, ΔF = F tr -F bg .
The background term, F bg , can be accurately estimated by averaging over long durations; therefore, we consider that the shot noise on ΔF is mainly that on F tr . It is determined by calculating the number of photoelectrons at the flux level F tr ∼ F (not at the level ΔF) during the total transiting time. The uncertainty on ΔF, in number of photoelectrons, is
The relative uncertainty on F being much weaker than that on ΔF, after some algebra, one
CoRoT has a 0.27 m entrance pupil and observes during 150-day runs. It produces a and transit amplitude (Eq.10) upon the orbital radius, a, and stellar magnitude, m v , are the same.
Capabilities to identify the nature of the telluric-like planets
The different terms in Eq.1 are now estimated. Using (4), (8) 
Considering the case of a planet with M = 6 M Earth , R = 2 R Earth in front of a Sun-like star, observed with:
-CoRoT during 150 days and with 80 h of HARPS follow-up on a 3.6 m telescope, one reads A = B = 1. In the square bracket of Eq.11, the term containing A (the uncertainty on the mass) dominates that with B by a factor 5. Although we have already considered a very long integration time for the Doppler measurement, the bottleneck remains the uncertainty on the planetary mass, even when using the small telescope of CoRoT;
-Kepler during 4 yrs and a 80 h follow-up with an HARPS-like spectrometer on a 3.6 m (8 m) telescope, one reads A = 1 (0.45), B = 0.09. Now, in Eq.11, the uncertainty on the mass fully dominates that on the radius by a factor ~ 700 (130).
The way to improve the discrimination between the two types of planets is then to improve the accuracy of the mass by using larger telescopes.
This is under the assumption that, for faint stars, the uncertainties on M pl and ΔF/F are dominated by shot noise, rather than by the astronomical stellar noise or the instrument capabilities. A realistic detection exercise, including stellar noises in CoRoT simulated light curves, has shown that stellar micro-variability limits the detection only in extreme cases (Moutou et al., 2005) ; however, the impact of stellar micro-variability on transit parameter estimation is still under study. At fixed magnitude, stars with smaller radii, e.g. K stars, are more favorable, but there are fewer of them than G stars in a magnitude-limited sample.
In the CoRoT target list, the fraction of stars with magnitude 11, 12, 13 and 14 are expected to be 1%, 2.3%, 7% and 15% of the total number of targets, respectively (Bordé et al. 2003) . These stars are not the majority of the target objects, but they are not a minute fraction of them either. However, stars with m v ≤ 12 will saturate the brightest pixels of the power Spread Function (PSF) in the CCD. Presently, these stars are not considered for photometry because they are technically more difficult to monitor, but this situation may improve sometime after the beginning of the mission. To be optimistic, we will keep these stars in our further estimates, especially as they are those with the highest S/N.
Within the arbitrary hypothesis that each star, approximated as a G star ( earths with masses 6 -10 M Earth , one would expect to be able to characterize 5 to 10 of them. The difference with the CoRoT case seems not to be huge, although it must be pointed out that the prospect of characterizing terrestrial planets with Kepler is on a significantly firmer basis because some of these measurements are expected to have a fair S/N, whereas this is not so frequent with CoRoT.
We point out the key interest of building a Doppler spectrometer with performance similar to that of HARPS, on an 8 m class telescope for the study of terrestrial exoplanets. This is true for the follow-up of CoRoT and it is especially obvious for that of Kepler.
We stress again that this is under the optimistic hypothesis that for faint stars (m V = 11 -14)
both transit amplitude and stellar reflex velocity are basically limited by shot noise and not by the stellar variability or instrument noise. If the stellar noise dominates, using large telescopes will not be useful; the only way to (slowly) improve the S/N will be to increase the integration time.
4 Discussion : Mass-radius degeneracy between OPs, H 2 -rich planets and carbon
planets ?
As pointed out in the introduction, theoretical works (Alibert et al., 2006 , Rafikov 2006 predict the existence of short period planets with a core mass > 6M Earth and a wide diversity of H 2 -He envelopes: from M env << 1 M Earth , (OPs and Super-Telluric Planets), to a few M Earth (like the Hot Neptunes in the system HD69830), and finally M env >> 1 M Earth (giant planets).
In planetary formation models, the core is initially made of icy-rocky material from beyond the snowline, but it accretes more rocky planetesimals when migrating between the snow line and its final short period orbit. It is also important to note that all ratios M Ice /M Rocks between ~0 and 1 are expected. For a given planetary mass, planetary radii should be found at any value between that of a silicate planet and our OP prototypes (i.e. between the two curves of Fig. 1 ). For M > 6 M Earth we can expect a second distribution of objects, hopefully separated by a gap, between the OP prototype and the hot-neptune/saturn/jupiter class. Kuchner and Seager (2005) proposed the existence of carbon planets, formed in environments characterized by C/O >1. In the absence of detailed modeling of their structure and of their radius as a function of their mass, it is difficult to know if these carbon planets could be identified or confused with silicate-dominated planets or OPs.
That is an open question for further studies. What we can say at this point is that the C/O ratio can be measured (within some significant uncertainties) in stellar photospheres, so we should be aware, for the rare (any?) main sequence stars with high C/O ratio where a transit will be observed, that a carbon planet might be there.
Conclusion
We have revisited the theoretical estimate of the physical density of hot Ocean-Planets Models of the internal structure of OPs yield a mean density smaller than that of rocky planets. For the same mass there is a difference in radius of ∼ 20%. In this paper we have considered whether an identification of OPs based on the measurement of their densities is actually possible in the near-to mid-future.
If strong enough, migration could bring these speculative planets to within the close vicinity of their parent star, where their masses and radii can be better measured by Radial Velocity and by transit photometry. CoRoT will detect planets with periods less than 75 days, whereas Kepler will have access to periods less than 1.33 years. In both cases, close-in planets will be the easiest ones to detect and to characterize.
We have estimated the erosion rate of a hot Ocean Planet by thermal escape driven by exosphere heating (with X and UV radiation) and by non-thermal escape driven by ejected particles from the star. We found that the water reservoir is only weakly affected, so that an OP should keep its peculiar composition even fairly close to its star. For example, in front of a solar-type star that is 5 Gyr old, a 6 Earth-Mass OP should retain most of its water content if it is beyond 0.04 AU from its star.
Then, we have addressed the accuracy needed to discriminate between OPs and rocky planets, assuming that the planetary models are adequate. The sources of uncertainty on the planetary density are those on the mass determination by Radial Velocity measurements, the stellar radius determination, and the photometric measurement during the transits. As expected, the accuracy of the Kepler photometry is higher than that of
CoRoT. However with the presently available instruments, it is the uncertainty on Radial Velocity measurements that is the limiting factor for expected detections by both transit missions. As a result, the determination of the nature of these planets seems possible only in the adequate domains of the (m v , a) plane that are shown in Fig. 6 for both missions.
They correspond to the brightest stars (m v < 14) and to the planets closest to their star, especially for CoRoT, but beyond the limit for the survival of their water reservoir.
If each star had a 6-10 Earth mass planet at ∼ 0.10 AU, the number of detections with
CoRoT would be several hundred. Conversely, the absence of detection of such planets would indicate that they are not present at the level of ∼ 1%.
A clear conclusion of our study is that full benefit of the high photometric precision of
CoRot, and particularly Kepler, can be obtained only if a new generation of Radial Velocity
instruments is built that can make accurate measurements on faint stars. In that case, the identification of OPs could be done on a significantly larger sample of stars. In the meantime, a significant fraction of high performance Doppler velocimeters such as HARPS should be devoted to the follow-up of the most interesting candidates found by CoRoT, if we hope to be able to discriminate between the different possible compositions of terrestrial planets.
FIGURES
Figure 1:
Relation between the mass and the radius of Ocean-Planets (OPs) (m 50% rocks, 50%
water) upper curve, and rocky planets (m 100% rocks) lower curve, as obtained from models of their internal structure by Sotin et al (2006) . For a given mass, the mean densities and the radii of the planets are significantly different according to their nature.
Planetary mass and radius are accessible to observational measurements by Doppler velocimetry and planetary transit photometry, respectively. These measurements have the potential capability of discriminating between the two types of planets. It should be noted that some of the Galilean satellites of Jupiter are examples of OPs, but for their lower masses.
Figure 2
Probability of observing an existing planet around a target star by CoRoT, as a function of its orbital period. Assuming a random orientation of planetary orbits, the geometrical probability that a transit is observed from the Earth is p g = R st / a, the ratio of the stellar radius to that of the planet distance to its star, in the limit R pl << R st . Using the Keplerian relation between a and the planetary period P (for a given stellar mass, P 2 / a 3 = const) and the time probability that ≥ 3 events occur within a 150 day duration, p 3 , one obtains the probability that a given planet around a GV star is detected. This is a rapidly decreasing function of the planetary period, which points out that planet detection is biased towards short period objects.
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Figure 3:
Water phase diagram and scheme of the T(P) curve in a planet where water is supercritical (a), or has an ocean-atmosphere interface (b). 
Figure 5
Relative error on the stellar radius plotted against the magnitude of the CoRoT targets. The dots show the error estimated from the V and K actual magnitudes from relation (22) in Kervella et al (2004) , when the uncertainty on the reddening, or distance, is added. The full line shows the fit to the data.
Figure 6
Regions in the (target magnitude a, planet to star distance m v ) plane where the discrimination between an OP and a rocky planet can be made at 2 σ (95% confidence) when their masses are M pl = 6 or 10 M Earth , around GV stars. The corresponding radii of Ocean-Planets are R OP = 2.0, or 2.3 R Earth , respectively. The planetary radius is determined using either the CoRoT instrument (a) or the Kepler one (b). The mass determination is made with a Doppler velocimeter based on the performances of the HARPS spectrometer mounted on a 3.6 m or, speculatively, on an 8 m telescope. It is assumed that both transit amplitude and stellar reflex velocity accuracies are shot noise-limited. The upper shading indicates a region that is not accessible as a result of instrumental constraints (too long
